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MIMO* channel capacity 





*MIMO : Multiple Input Multiple Output = = 





© MIMO system 


E Extends the data-rate of the wireless communication link 








Increase of the number of the antenna elements 


I) The small MIMO terminal must have multiple 
antennas that are implemented in a narrow space 


Gran 


LE 


Mutual 





that achieve the higher performance 


j We need the design of MIMO antennas 
even with the confined volume 
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Antenna design using [CM 








В тсм (Theory of Characteristic Mode) [1] 


S Analysis of the antenna mode current characteristic 





ATA THOS Conventional study using TCM 





Ben m of the current easy-to-excite 
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Study of the radiation efficiency 1mprovement[2 | 





Study of the dual-band antenna design[3] 
Ground plate Jm 41 
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Frequency 
TCM with realistic channel may tell us the maximum 


number of the antennas on the handset chassis. 
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Objective 


ШШ Evaluation of the number of modes and the channel capacity 


Bi Channel capacity evaluated using the mode directivity 


Mode directivity MIMO propagation characteristic 
Calculate the mode directivity from TCM Evaluation of the channel capacity 
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The interaction between mode directivities and propagation characteristic 
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m Ray tracing method analysis using mode directivity 





ШШ Evaluation of the number of used modes and channel capacity 
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Conducting plate 


Evaluation of the channel capacity with the various number of modes 
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Wire grid approximation 


© Wire erid model 


B The ground plate is approximated into the small dipole segments 


Conducting plane Wire grid model Dipole segment 
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Calculation of the impedance matrix among small dipole segments gs 








Mode directivity 


I Derivation of the mode directivity ire grid approximation & TCM 
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Eigenvalue of the impedance matrix v, = 1+ ЈА» 4 N 


w Wire grid Mode current 
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Àn" " "Imaginary part of the n-th eigenvalue Slaa | Im 


Corresponding to stored power in the antenna 
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Ray tracing method 








m Ray tracing method analysis using the mode directivity 





E Evaluation of the MIMO propagation characteristics 
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Tx : j-th antenna directivity 
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Propagation channel 








m Analysis method of the propagation channel 
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Rx : l-th path of i-th mode directivity 
Tx : l-th path of j-th antenna directivity 
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ЗС Overview 25m 





Conducting plate 


Concrete walls 


The location of the Tx antennas are fixed 





( бту M Rx antenna is located at 23 m away from the Tx antennas 
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Top of view analysis model (Ray tracing method) 


E Top of view 





Conducting plate 
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Dipole antennas 
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Numerical analysis condition 


E Numerical analysis condition 


2.4 GHz 
Wavelength, A 0.125 m 
—90 dBm 
Number of reflection times 5 
Walls | 
(Concrete) Relative permittivity 
0.0023 
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(e 3-7) па Current distribution changes depending on the frequency 
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Ground plate 





Four peaks at the 
long sıde of the plate 
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Strong current distribution at the long side of the plate 
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Current intensity 1s high at the edge of the ground plate 






Channel capacity versus number 
of used modes at each positon 





ШШ Channel capacities with various directions of Rx 
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Channel capacity fluctuates at @ = 0° 
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Average channel capacity versus number of used modes 
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MIMO channel capacity is saturated 
when the number of modes is greater than 8 
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The number of the antennas mountable on the rectangle chassis is up to 8 
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Conclusion 


Ray tracing analysis of asymptotic capacity based on TCM 





B Current distributions on the eround plate 


Current distribution changes depending on the frequency 


MIMO channel capacity evaluation using ray tracing method 
The number of modes and the channel capacity are 
evaluated using a realistic channel 
| MIMO channel capacity 


$3 The channel capacity is saturated when the number of modes 28 


TCM can predicts the number of the maximum antennas of the 





handset chassis before designing the realistic antennas 
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